Mesial temporal lobe epilepsy (m-TLE) is a network disease. Its manifestations extend beyond seizures that arise from a well-restricted and limited focus within the hippocampus to include a wide array of cognitive and psychiatric challenges. In patients with unilateral m-TLE, the most obvious explanation for such extensive disease implications relates to widespread structural cortical and subcortical abnormalities described within both temporal lobes and strategic extratemporal brain regions. Cortical atrophy is seen in the frontocentral, lateral temporal (mainly superior and middle temporal gyri), dorsal parietal, and mesiotemporal cortices bilaterally. Similarly, volume loss occurs in the ipsilateral mesial orbitofrontal cortex, cingulate, and thalamus in patients with drug-resistant unilateral TLE (1, 2). Many of these atrophied structures represent key components of the default mode network (DMN) (3) and the limbic network, together responsible for maintaining baseline brain activities related to cognition, self-awareness, episodic memory, and emotions. As such, it is not surprising that structural damage affecting critical components of these networks may disturb mood and cognitive function. "Space" is then a critical concept: With high-resolution structural brain imaging demonstrating, as detailed above, the extension of atrophy beyond the space of the hippocampus, we have expanded our appreciation of the space of the epilepsy to a network rather than an individual structure. Recent highresolution functional neuroimaging studies using functional magnetic resonance imaging (f-MRI) or EEG-triggered f-MRIincluding work by Pittau et al. chosen for this commentary-PURPOSE: In mesial temporal lobe epilepsy (MTLE) the epileptogenic area is confined to the mesial temporal lobe, but other cortical and subcortical areas are also affected and cognitive and psychiatric impairments are usually documented. Functional connectivity methods are based on the correlation of the blood oxygen level dependent (BOLD) signal between brain regions, which exhibit consistent and reproducible functional networks from resting state data. The aim of this study is to compare functional connectivity of patients with MTLE during the interictal period with healthy subjects. We hypothesize that patients show reduced functional connectivity compared to controls, the interest being to determine which regions show this reduction. METHODS: We selected electroencephalography-functional magnetic resonance imaging (EEG-fMRI) resting state data without EEG spikes from 16 patients with right and 7 patients with left MTLE. EEG-fMRI resting state data of 23 healthy subjects matched for age, sex, and manual preference were selected as controls. Four volumes of interest in the left and right amygdalae and hippocampi (LA, RA, LH, and RH) were manually segmented in the anatomic MRI of each subject. The averaged BOLD time course within each volume of interest was used to detect brain regions with BOLD signal correlated with it. Group differences between patients and controls were estimated. KEY FINDINGS: In patients with right MTLE, group difference functional connectivity maps (RMTLE -controls) showed for RA and RH decreased connectivity with the brain areas of the default mode network (DMN), the ventromesial limbic prefrontal regions, and contralateral mesial temporal structures; and for LA and LH, decreased connectivity with DMN and contralateral hippocampus. Additional decreased connectivity was found between LA and pons and between LH and ventromesial limbic prefrontal structures. In patients with left MTLE, functional connectivity maps (LMTLE -controls) showed for LA and LH decreased connectivity with DMN, contralateral hippocampus, and bilateral ventromesial limbic prefrontal regions; no change in connectivity was detected for RA; and for RH, there was decreased connectivity with DMN, bilateral ventromesial limbic prefrontal regions, and contralateral amygdala and hippocampus. SIGNIFICANCE: In unilateral MTLE, amygdala and hippocampus on the affected and to a lesser extent on the healthy side are less connected, and are also less connected with the dopaminergic mesolimbic and the DMNs. Changes in functional connectivity between mesial temporal lobe structures and these structures may explain cognitive and psychiatric impairments often found in patients with MTLE.
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Mesial temporal lobe epilepsy (m-TLE) is a network disease. Its manifestations extend beyond seizures that arise from a well-restricted and limited focus within the hippocampus to include a wide array of cognitive and psychiatric challenges. In patients with unilateral m-TLE, the most obvious explanation for such extensive disease implications relates to widespread structural cortical and subcortical abnormalities described within both temporal lobes and strategic extratemporal brain regions. Cortical atrophy is seen in the frontocentral, lateral temporal (mainly superior and middle temporal gyri), dorsal parietal, and mesiotemporal cortices bilaterally. Similarly, volume loss occurs in the ipsilateral mesial orbitofrontal cortex, cingulate, and thalamus in patients with drug-resistant unilateral TLE (1, 2) . Many of these atrophied structures represent key components of the default mode network (DMN) (3) and the limbic network, together responsible for maintaining baseline brain activities related to cognition, self-awareness, episodic memory, and emotions. As such, it is not surprising that structural damage affecting critical components of these networks may disturb mood and cognitive function. "Space" is then a critical concept: With high-resolution structural brain imaging demonstrating, as detailed above, the extension of atrophy beyond the space of the hippocampus, we have expanded our appreciation of the space of the epilepsy to a network rather than an individual structure. Recent highresolution functional neuroimaging studies using functional magnetic resonance imaging (f-MRI) or EEG-triggered f-MRIincluding work by Pittau et al. chosen for this commentary-
Patterns of Altered Functional Connectivity in Mesial Temporal Lobe Epilepsy.
Pittau F, Grova C, Moeller F, Dubeau F, Gotman J. Epilepsia 2012;53:1013-1023. PURPOSE: In mesial temporal lobe epilepsy (MTLE) the epileptogenic area is confined to the mesial temporal lobe, but other cortical and subcortical areas are also affected and cognitive and psychiatric impairments are usually documented. Functional connectivity methods are based on the correlation of the blood oxygen level dependent (BOLD) signal between brain regions, which exhibit consistent and reproducible functional networks from resting state data. The aim of this study is to compare functional connectivity of patients with MTLE during the interictal period with healthy subjects. We hypothesize that patients show reduced functional connectivity compared to controls, the interest being to determine which regions show this reduction. METHODS: We selected electroencephalography-functional magnetic resonance imaging (EEG-fMRI) resting state data without EEG spikes from 16 patients with right and 7 patients with left MTLE. EEG-fMRI resting state data of 23 healthy subjects matched for age, sex, and manual preference were selected as controls. Four volumes of interest in the left and right amygdalae and hippocampi (LA, RA, LH, and RH) were manually segmented in the anatomic MRI of each subject. The averaged BOLD time course within each volume of interest was used to detect brain regions with BOLD signal correlated with it. Group differences between patients and controls were estimated. KEY FINDINGS: In patients with right MTLE, group difference functional connectivity maps (RMTLE -controls) showed for RA and RH decreased connectivity with the brain areas of the default mode network (DMN), the ventromesial limbic prefrontal regions, and contralateral mesial temporal structures; and for LA and LH, decreased connectivity with DMN and contralateral hippocampus. Additional decreased connectivity was found between LA and pons and between LH and ventromesial limbic prefrontal structures. In patients with left MTLE, functional connectivity maps (LMTLE -controls) showed for LA and LH decreased connectivity with DMN, contralateral hippocampus, and bilateral ventromesial limbic prefrontal regions; no change in connectivity was detected for RA; and for RH, there was decreased connectivity with DMN, bilateral ventromesial limbic prefrontal regions, and contralateral amygdala and hippocampus. SIGNIFICANCE: In unilateral MTLE, amygdala and hippocampus on the affected and to a lesser extent on the healthy side are less connected, and are also less connected with the dopaminergic mesolimbic and the DMNs. Changes in functional connectivity between mesial temporal lobe structures and these structures may explain cognitive and psychiatric impairments often found in patients with MTLE.
Functional Connectivity in Mesial Temporal Lobe Epilepsy: A Dynamic Concept
add yet another dimension to our understanding of a network: the dimension of "time. " This concept of time as a key element of our appreciation of any network study may help explain some of the apparent discrepancies in the current literature on functional connectivity, mainly those pertaining to inconsistent characterization of the functional network components in different research studies, and can be appreciated in reviewing the following three main points:
First, brain structures that show increased connectivity in one research study may actually show reduced connectivity in another study, depending on the technique used because the results pertain to timing the measurement of this connectivity. Electrophysiological connectivity measures are obtained via intracranial recordings and, as such, rely on direct measurements of epileptiform EEG activity. These studies typically show increased electrical connectivity and synchronization among components of the mesial temporal epileptogenic network during both the ictal and interictal periods (4). However, functional connectivity measures obtained in the present paper by Pittau et al. and in other f-MRI studies (5) rely on assessing the blood oxygen level dependent (BOLD) signals and show decreased connectivity between the mesial temporal structures and other components of the same limbic network-including the posterior cingulate, precuneus, anterior mesial prefrontal cortex, superior frontal gyrus, and angular gyri bilaterally. How do we explain this apparent contradiction? Recognizing the limited temporal resolution of f-MRI may help. While EEG connectivity measures are a direct evaluation of electrical hypersynchronization among different components of the epileptogenic network, BOLD signal changes reflect the abnormal neurovascular coupling and the metabolic dysfunction thought to result from and temporally follow this hypersynchronization. The same structures may then appear hyperconnected electrically and hypoconnected functionally.
A second time-related dimension of connectivity may pertain to the frequency of the underlying electrical activity being evaluated. Recent work by Dalal et al. (6) suggested that cortical activities of different frequencies may activate different functional networks and that various sub-bands of highfrequency electrical activity across the 60-500 Hz range may, in fact, be specific for certain functional tasks. In this context, one can appreciate that both high-frequency gamma oscillations and slow cortical potentials (< 4 Hz) have been linked to BOLD fluctuations. Different functional networks may be activated depending on the firing frequency of a pacemaker, and different components of the same network may be activated depending, again, on the firing frequency of the structures involved. For example, in a recent study of the primary sensorimotor network, isometric contraction of the forearm showed dominant coupling within the β-band (13-30 Hz) between the primary motor cortex (M1) and the supplementary motor area (SMA), whereas fast repetitive finger movements were characterized by strong coupling within the γ-band (31-48 Hz), mainly seen in connections from lateral premotor cortex to SMA and M1 (7) . All three structures-M1, SMA, and lateral premotor cortex-are components of the same sensorimotor network, yet they were activated to a different degree and connected differently in different motor tasks, with these variations in connectivity potentially gated by varying their underlying firing frequency. It is not entirely clear for patients with m-TLE whether similar variations in functional connectivity networks exist within the temporal lobe.
The last time-related connectivity concept is that pertaining to the timing of the functional connectivity measurement in relation to the duration of the epilepsy itself. While most resting state f-MRI studies, including the present paper by Pittau et al., have consistently shown reduced functional connectivity of the affected ipsilateral hippocampus in m-TLE (8-10), the state of connectivity of the contralateral hippocampus seems to vary among studies. In most cases, the contralateral hippocampus seems to show increased connectivity (both in strength and distribution) with other components of the limbic network, a finding that was speculated to account for compensatory cognitive mechanisms (5, 8, 10) . In contrast, the paper at hand in this commentary showed reduced connectivity of the contralateral hippocampus. Work done by Morgan et al. may shed some light on this contradiction. In a study aiming to quantify cross-hippocampal connectivity using high temporal resolution f-MRI, investigators found that in the initial ten years of epilepsy, connectivity is highly variable and mostly disrupted between the two hippocampi. However, this interhemispheric hippocampal connectivity increases linearly with disease duration when epilepsy progresses beyond ten years (9) . The practical implication of this observation is that some existing inconsistencies in the findings of f-MRI connectivity studies may be at least partly related to including patients of highly heterogeneous epilepsy duration, as is the case in the current report by Pittau et al. The mechanistic implication of this finding is that it supports the dynamic, timedependent, nature of functional connectivity as an adaptive compensatory mechanism in chronic epilepsy.
In summary, our understanding of a network concept in epilepsy is still at its beginning. Elegant studies of resting state connectivity designed with an appreciation of both the spatial and temporal dynamic nature of functional networks are needed to advance this field.
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